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SM effective field theory

2
[see for instance Buchmüller & Wyler, NPB 268, 621 (1986); Grzadkowski et al., 1008.4884; Brivio & Trott, 1706.08945]
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If electroweak (EW) symmetry is linearly 
realised, SM effective field theory aka 
SMEFT is higher-dimensional extension 
of SM. Already @ dimension 6, SMEFT is 
sort of a mutated millipede having 2499 
independent baryon & lepton number 
conserving operators. In fact, large 
number mainly due to flavour indices 



Status of global SMEFT fits 
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Most sophisticated fit considers 50 operators & employs Higgs, diboson & top 
data from LHC, including partially also EW precision observables (EWPOs)

[see for instance Brivio et al., 1910.03606; Ellis et al., 2012.02779; Ethier et al., 2105.00006; Celada et al., 2404.12809]
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Status of global SMEFT fits 
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Some operators like those altering leading Higgs couplings are well constrained, 
implying lower bounds on new weakly-coupled particle masses of about 1 TeV
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[see for instance Brivio et al., 1910.03606; Ellis et al., 2012.02779; Ethier et al., 2105.00006; Celada et al., 2404.12809]
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Status of global SMEFT fits 

5

t

tt

t
<latexit sha1_base64="GPGS6U/hrurHLjHe82RwExtIhNE=">AAACO3icdVDLSgMxFM3Ud31VXboJFqFuyozvZUEElypWhU4d7qSZNjSZGZM7Qin9Lzf+hDs3blwo4ta96WOhVg8ETs45l+SeMJXCoOs+ObmJyanpmdm5/PzC4tJyYWX10iSZZrzKEpno6xAMlyLmVRQo+XWqOahQ8quwfdT3r+64NiKJL7CT8rqCZiwiwQCtFBTOfckjpCXqh6DpbbBD/SYoBYGvsuFVi2YL6Rb9J3gzFgwKRbfsDkDHiTciRTLCaVB49BsJyxSPkUkwpua5Kda7oFEwyXt5PzM8BdaGJq9ZGoPipt4d7N6jm1Zp0CjR9sRIB+r3iS4oYzoqtEkF2DK/vb74l1fLMDqsd0WcZshjNnwoyiTFhPaLpA2hOUPZsQSYFvavlLVAA0Nbd96W4P1eeZxcbpe9/fLe2W6xcjyqY5askw1SIh45IBVyQk5JlTByT57JK3lzHpwX5935GEZzzmhmjfyA8/kFXEeqtQ==</latexit>

(q̄3�µq3) (q̄3�
µq3)

Other effective interactions remain poorly bounded. One such type are four-
quark contact interactions that contain only 3rd generation fields 


[see for instance Brivio et al., 1910.03606; Ellis et al., 2012.02779; Ethier et al., 2105.00006; Celada et al., 2404.12809]



Why are bounds on cQQ1, etc. so bad? 
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At LHC, 3rd generation four-quark operators can be probed @ tree level only in 
4t, 4b || 2b2t production. Present measurements all have sizeable uncertainties 

[see ATLAS, 2303.15061; CMS, 2303.03864 for latest 4t measurements]



Why are bounds on cQQ1, etc. so bad? 
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Since bottom-quark-initiated contributions are strongly PDF suppressed, leading 
effects from 3rd generation four-quark operators arise @ 1-loop in 2t production

[see for instance Brivio et al., 1910.03606; Degrande et al., 2008.11743; 2402.06528 & next talk by Andres]
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Why are bounds on cQQ1, etc. so bad? 

Limits depend on whether linear or 
quadratic terms are used & whether a 
single or several operators are studied. 
Raises questions about stability of fit 
under dimension-8 deformations & EFT 
applicability in general. Issue relevant, 
as limits arise from configurations with 
momentum transfer of around 0.4 TeV 
(1.3 TeV) in 2t (4t) production
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Figure 7: Exclusion regions in the (ci, cj)-plane obtained from measurements at the LHC
with datasets listed in Table 4 for top-pair and four-top production. Bounds obtained from
observables with a linear dependence on the Wilson coefficient are shown in orange and
blue, while bounds obtained from quadratic dependencies are shown in magenta and cyan.
Bounds coming from EWPO are displayed in a plaid pattern. The black cross stands for
SM values. Points that lie outside the ellipses are excluded at 95% CL.

that points outside the coloured boundaries are excluded. At the interference level, the
regions corresponding to the top-pair production are represented by ellipses. For the four-
top production, those regions are represented by planes bounded only along one axis as
a consequence of only having two data points in the fit of the two corresponding Wilson
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[Degrande et al., 2402.06528]
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[see also next talk by Andres]
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Precision tests of cQQ1, etc.

Given discussed limitations worthwhile to entertain alternative probes of 3rd 
generation four-quark operators by identify suitable low-energy precision tests  


Clearly, relevant operators can modify low-energy observables first @ loop level.

But loop suppression can be partially mitigated if a given observable receives 
corrections enhanced by top-quark Yukawa coupling & is precisely measured 


Thinking about SM, it is straightforward to figure out what relevant processes are

[see also Alasfar et al., 2202.02333; Di Noi et al., 2310.18221 & talk by Stefano for related work in Higgs sector] 
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Precision tests of cQQ1, etc.

[see also Boughezal et al., 1907.00997; Dawson & Giardino, 2201.09887 for calculation of top & Z decay, respectively] 

Bs mixingZ penguin

Peskin-Takeuchi parametersZ decaytop decay
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Bs mixing in case of up-alignment 
<latexit sha1_base64="1gcSucT4PvaN++Je/soOvWw6ia4="></latexit>
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             Albrecht et al., 2402.04224] 

[see for instance Barducci et al., 1802.07237; Allwicher et al., 2311.00020] 
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Calculation in a nutshell

• Choice of Top WG operator basis avoids appearance of non-zero traces 
involving γ5. Expressions for 1-loop observables differ from known Warsaw-
basis results by finite terms related to a Fierz-evanescent operator 


• 2-loop calculations performed off-shell using a background field gauge when 
necessary to maintain gauge invariance at level of Green’s functions. Wilson 
coefficients renormalised in MS, while pole mass* used for internal top quarks


• To avoid tree-level effects in Bs mixing, we consider down-alignment. Charm- 
& up-quark contributions still need to be included & lead to GIM mechanism 
in all 2-loop flavour-changing neutral current (FCNC) amplitudes 

*scheme change to MS top-quark mass trivial & also computed 
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Anatomy of SMEFT corrections to EWPOs

Dominant effects in Z decay observables are proportional to mt  & have a single 
logarithm. Peskin-Takeuchi parameters such as T instead can develop double 
logarithms proportional to mt . Can be understood in terms of operator mixing
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Anatomy of SMEFT corrections to EWPOs
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observables not sensitive to purely right-handed top-quark coefficient ctt
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[UH & Schnell, 2406.xxxx] 
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Anatomy of SMEFT corrections to FCNCs

Bs-mixing & Z-penguin amplitudes scale as mt . b→sl+l- box & photon penguin 
only scale as mt , but need to be included to obtain gauge-independent C9 & C10 

[UH & Schnell, 2406.xxxx] 
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For calculated 1- & 2-loop observables, higher-order terms in heavy top-quark 
mass expansion important & therefore should be included in numerical analysis 

[UH & Schnell, 2406.xxxx] 
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Some preliminary fit results 

[Ethier et al., 2105.00006]

[UH & Schnell, 2406.xxxx] 
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Some preliminary fit results 

[Ethier et al., 2105.00006]

[UH & Schnell, 2406.xxxx] 
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Some preliminary fit results 
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that points outside the coloured boundaries are excluded. At the interference level, the
regions corresponding to the top-pair production are represented by ellipses. For the four-
top production, those regions are represented by planes bounded only along one axis as
a consequence of only having two data points in the fit of the two corresponding Wilson
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[UH & Schnell, 2406.xxxx] 



To obtain best possible & most robust constraints on Wilson coefficients of 
3rd generation four-quark operators crucial to combine information from 4t, 
4b, 2b2t & 2t production @ LHC, top decays, EWPOs & flavour physics

20

Summary & outlook
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Presented calculation of 1- & 2-loop SMEFT corrections displays some 
interesting QFT features such as evanescent operators, anomalous terms, 
etc. In case you are interested ask or look at backup slides 
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Top WG operator basis
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[Barducci et al., 1802.07237] 
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D mixing in case of down-alignment 
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[see for instance Barducci et al., 1802.07237; Allwicher et al., 2311.00020] 

[Silvestrini, 18] 
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Some more preliminary fit results 
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FCNC constraints: Bs mixing

[UH & Schnell, 2406.xxxx] 
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FCNC constraints: Bs→μ+μ- 

[UH & Schnell, 2406.xxxx] 
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Fit results based on latest ATLAS 4t analysis

From a quadratic fit to each single operator, ATLAS obtains limits on suppression 
scales in range [380, 770] GeV. Earlier fits by theorists find very similar bounds 

0 0.5 1 1.5 2 2.5
)α cos(tκ

0

0.5

1

1.5

2

2.5)
α

 s
in

(
t
κ

0
1
2
3
4
5
6
7
8
9  ln

(L
)

Δ
O

bs
. -

2

0
1
2
3
4
5
6
7
8
9  ln

(L
)

Δ
O

bs
. -

2

68% CL (Obs.)
95% CL (Obs.)
68% CL (Exp.)

95% CL (Exp.)
SM
Best Fit

ATLAS
-1 = 13 TeV, 140 fbs

H parametrisedtt

Figure 8: Two-dimensional likelihood contours for |^C cos(U)| versus |^C sin(U)| at 68% and 95%, where ^C is
the top-Higgs Yukawa coupling strength parameter and U is the mixing angle between the ⇠%-even and ⇠%-odd
components. The gradient-shaded area represents the observed likelihood value as a function of ^C and U. Both the
CC̄CC̄ signal and CC̄� background yields in each fitted bin are parameterised as a function of ^C and U. The blue cross
shows the SM expectation, while the black cross shows the best fit value.

and observed 95% CL intervals on the coe�cients are summarised in Table 8. To probe the importance of
the di�erent terms in Equation 2, the limits are also extracted assuming only the linear terms as a test. The
resulting upper limits on the absolute values of the coe�cients (|⇠8/⇤2

|) of $1
&&

, $1
&C

, $1
CC

and $
8
&C

are

5.3, 3.3, 2.4 and 8.8 TeV �2, respectively, at 95% CL. Comparable limits on these EFT parameters can be
found in Ref. [113].

Table 8: Expected and observed 95% CL intervals on EFT coupling parameters assuming one EFT parameter
variation in the fit.

Operators Expected ⇠8/⇤2 [TeV �2] Observed ⇠8/⇤2 [TeV �2]

O
1
&&

[-2.4, 3.0] [-3.5, 4.1]
O

1
&C

[-2.5, 2.0] [-3.5, 3.0]
O

1
CC

[-1.1, 1.3] [-1.7, 1.9]
O

8
&C

[-4.2, 4.8] [-6.2, 6.9]

An oblique parameter is a self-energy correction term applied to electroweak propagators in the SM.
The BSM additions to such a correction can be expressed as an EFT expansion, with the self-energy
correction to the Higgs boson parameterised by the parameter �̂, where �̂ = 0 corresponds to the SM
prediction [14]. The �̂ parameter a�ects the o�-shell Higgs interaction, and thus the CC̄CC̄ cross section, as
well as processes involving a Higgs boson, in particular CC̄� production, which is a significant background
to the CC̄CC̄ measurement. To account for this e�ect, the CC̄� contribution is parameterised as a function of
�̂ [14]: `

C C̄�
= 1 � �̂, where `

C C̄�
is the CC̄� normalisation factor with respect to the SM cross section.

A limit on �̂ is extracted from the likelihood scans shown on Figure 9. The observed (expected) upper
limit on the �̂ value is 0.20 (0.12) at 95% CL. The observed limit coincides with the largest value of this
parameter that preserves unitarity in the perturbative theory. Previously, limits on the �̂ parameter were
reported in Refs. [14, 112, 114].

24

[ATLAS, 2303.15061] 
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Change of operator basis

[Barducci et al., 1802.07237; Grzadkowski et al., 1008.4884] 
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d = 4



<latexit sha1_base64="Ss5qmsL7nxHrs7/2Q0+fYTkoToU=">AAAB9HicbVBNSwMxEM36WetX1aOXYBG8WHZLqV6EgggeK9gPaJeSzc62odlkTbKFUvo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCDhTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcVPLVFFoUMmlagdEA2cCGoYZDu1EAYkDDq1geDvzWyNQmknxaMYJ+DHpCxYxSoyV/PCmclnuQqIZl6JXKLoldw68SryMFFGGeq/w1Q0lTWMQhnKidcdzE+NPiDKMcpjmu6mGhNAh6UPHUkFi0P5kfvQUn1slxJFUtoTBc/X3xITEWo/jwHbGxAz0sjcT//M6qYmu/QkTSWpA0MWiKOXYSDxLAIdMATV8bAmhitlbMR0QRaixOeVtCN7yy6ukWS551VL1oVKs3WVx5NApOkMXyENXqIbuUR01EEVP6Bm9ojdn5Lw4787HonXNyWZO0B84nz/pgpGU</latexit>

d = 4� 2✏
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Change of operator basis

[Barducci et al., 1802.07237; Grzadkowski et al., 1008.4884] 

<latexit sha1_base64="Iq5GOFJunO/WbKzk4kKiF1FCpIw="></latexit>

O
8
QQ =

1

2
(q̄�µT

aq)(q̄�µT aq) ,

<latexit sha1_base64="5dlCfQKUD6qhm2GoggWutohi5EU="></latexit>

O
1
QQ =

1

2
(q̄�µq)(q̄�

µq) ,
<latexit sha1_base64="sjJSLBa6vDs/VYU0MkC3LajuOhQ="></latexit>

O
1
qq = (q̄�µq)(q̄�

µq) ,

<latexit sha1_base64="7QlFcScTMbNjnwp6WbFXAnp///4="></latexit>

O
3
qq = (q̄�µ⌧

iq)(q̄�µ⌧ iq) ,

<latexit sha1_base64="OyeVyCQFBmP+GId0XemUXiPQz30=">AAACVHicfVFPS8MwHE07p3PqnHr0EhzCPDhakelFGIjgwcME9wfWWdIs27ImbUlSYZR+SD0IfhIvHsy2groNHwQe7/0ev+TFixiVyrI+DDO3kd/cKmwXd3b3Svvlg8O2DGOBSQuHLBRdD0nCaEBaiipGupEgiHuMdDz/duZ3XoiQNAye1DQifY5GAR1SjJSW3LJfdUaIc+Q6PIZN9+HMTegkhU6oKCcSZu7zj+uzFN7Ac7gmx/7NTVK3XLFq1hxwldgZqYAMTbf85gxCHHMSKMyQlD3bilQ/QUJRzEhadGJJIoR9NCI9TQOkV/eTeSkpPNXKAA5DoU+g4Fz9nUgQl3LKPT3JkRrLZW8mrvN6sRpe9xMaRLEiAV4sGsYMqhDOGoYDKghWbKoJwoLqu0I8RgJhpf+hqEuwl5+8StoXNbteqz9eVhp3WR0FcAxOQBXY4Ao0wD1oghbA4BV8GsAwjHfjy8yZ+cWoaWSZI/AHZukbDb2xXg==</latexit>

(�µPL)ij ⌦ (�µPL)kl = �(�µPL)il ⌦ (�µPL)kj

<latexit sha1_base64="RdEwYfQWZjM8Uzklef0xAgXV7fc=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8lV2RKp4KInqs0C9o15JNs21oNlmSWbUs/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/naXlldW19dxGfnNre2e3sLffMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRvPjBtuJI1GMXMj0hf8pBTAla67wB7grSmYty8uRx3C0W35E6BF4mXkSLKUO0Wvjo9RZOISaCCGNP23Bj8lGjgVLBxvpMYFhM6JH3WtlSSiBk/nV49xsdW6eFQaVsS8FT9PZGSyJhRFNjOiMDAzHsT8T+vnUB44adcxgkwSWeLwkRgUHgSAe5xzSiIkSWEam5vxXRANKFgg8rbELz5lxdJ47TklUvlu7Ni5TqLI4cO0RE6QR46RxV0i6qojijS6Bm9ojfn0Xlx3p2PWeuSk80coD9wPn8ANRqSWA==</latexit>

Top WG:
<latexit sha1_base64="iNeC6JY1a16cHnejQxfisJHWYpE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEUEMFjBPOAZA2zk9lkyOyDmV5jWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dXiyFRtv+tnIrq2vrG/nNwtb2zu5ecf+goaNEMV5nkYxUy6OaSxHyOgqUvBUrTgNP8qY3vJ76zUeutIjCexzH3A1oPxS+YBSN9NBB/oRpkypNR1eTbrFkl+0ZyDJxMlKCDLVu8avTi1gS8BCZpFq3HTtGN6UKBZN8UugkmseUDWmftw0NacC1m86unpATo/SIHylTIZKZ+nsipYHW48AznQHFgV70puJ/XjtB/9JNRRgnyEM2X+QnkmBEphGQnlCcoRwbQpkS5lbCBlRRhiaoggnBWXx5mTTOyk6lXLk7L1VvsjjycATHcAoOXEAVbqEGdWCg4Ble4c0aWS/Wu/Uxb81Z2cwh/IH1+QP+v5Lc</latexit>

Warsaw:

<latexit sha1_base64="LxSCe2rBiWpkPg+wdM1ONw9aRyw=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2VGpLosiOKygn1AO5RM5rYNzWSGJCOOQ8FfceNCEbd+hzv/xrSdhbYeCBzOuSe5OX7MmdKO820VlpZXVteK66WNza3tHXt3r6miRFJo0IhHsu0TBZwJaGimObRjCST0ObT80eXEb92DVCwSdzqNwQvJQLA+o0QbqWcfdDU86OyagXzELABh7kjHPbvsVJwp8CJxc1JGOeo9+6sbRDQJTZ5yolTHdWLtZURqRjmMS91EQUzoiAygY6ggISgvm64/xsdGCXA/kuYIjafq70RGQqXS0DeTIdFDNe9NxP+8TqL7F17GRJxoEHT2UD/hWEd40gUOmASqeWoIoZKZXTEdEkmoNo2VTAnu/JcXSfO04lYr1duzcu0qr6OIDtEROkEuOkc1dIPqqIEoytAzekVv1pP1Yr1bH7PRgpVn9tEfWJ8//X+WLg==</latexit>

Fierz identity

<latexit sha1_base64="m6Q+KzU23X6+dB+jiQZF7MIIplE=">AAACKXicbZDLSgMxFIYzXmu9VV26CRZBEMpMLbUboSAFly3YC7TTIZNm2tBMZppkhDLM67jxVdwoKOrWFzG94KX1h8DPd87h5PxuyKhUpvlurKyurW9sprbS2zu7e/uZg8OGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3h9aTevCNC0oDfqnFIbB/1OfUoRkojJ1OuOXGtlnRL8Ap2PIFwbCVxvpBAzUejpGvB8x9e+sYXGlem1slkzZw5FVw21txkwVxVJ/Pc6QU48glXmCEp25YZKjtGQlHMSJLuRJKECA9Rn7S15cgn0o6nlybwVJMe9AKhH1dwSn9PxMiXcuy7utNHaiAXaxP4X60dKa9kx5SHkSIczxZ5EYMqgJPYYI8KghUba4OwoPqvEA+QzkXpcNM6BGvx5GXTyOesYq5YK2TLlXkcKXAMTsAZsMAlKIMbUAV1gME9eAQv4NV4MJ6MN+Nj1rpizGeOwB8Zn1/MdKUu</latexit>

Q8
QQ =

1

24
Q1

qq +
1

8
Q3

qq + Eqq

<latexit sha1_base64="EOLWSy+VY8vPxVvrckEVgQWS0nY=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCp5KIVI8FETxWsB/QhrLZTtulm2zYnRRLKHjxr3jxoIhX/4Q3/43bNgdtfbDweG9mduYFseAaXffbyq2srq1v5DcLW9s7u3v2/kFdy0QxqDEppGoGVIPgEdSQo4BmrICGgYBGMLye+o0RKM1ldI/jGPyQ9iPe44yikTr2URvhAVMY0Qg0gwgdGYOiKNWkYxfdkjuDs0y8jBRJhmrH/mp3JUtCM4UJqnXLc2P0U6qQMwGTQjvREFM2pH1oGRrRELSfzm6YOKdG6To9qcwzW8zU3x0pDbUeh4GpDCkO9KI3Ff/zWgn2rvyUR3GCELH5R71EOCidaSBOlytgKMaGUKa42dVhA6ooQxNbwYTgLZ68TOrnJa9cKt9dFCs3WRx5ckxOyBnxyCWpkFtSJTXCyCN5Jq/kzXqyXqx362NemrOynkPyB9bnDzecmI4=</latexit>

evanescent operator
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Top WG operator basis: b→sl+l- box

[UH & Schnell, 2406.xxxx] 

<latexit sha1_base64="RWeB3R5UAd1FIL8jUzs9iP2S+HQ="></latexit>

�B = � ↵

384⇡s2w

v2

⇤2

X

i=1
QQ,8QQ,1Qt,

8
Qt

⇠ici

<latexit sha1_base64="SkjX5NREzX3OhuEzRupkM5ktuZ0="></latexit>

⇠1QQ = �12x2
t/W � 12x2

t/W lnxt/W + 3x2
t/W

�
2xt/W � 1

�
ln2 xt/W

+ 6x2
t/W

�
2xt/W � 1

�
Li2

�
1� xt/W

�
+ ⇡2x2

t/W

�
2xt/W � 1

�
+ 6f(xt/W ) lnxµ/t ,

⇠8QQ =
4

3
⇠1QQ

<latexit sha1_base64="7kh6IYIaAgUxlzEXYtV9vc+q+kY="></latexit>

(T aT a)ij = CF �ij =
4

3
�ij

<latexit sha1_base64="4BtysHMCyttHNCFYsr4vVbiXnoU="></latexit>

f(x) =
x2

x� 1
� x2

(x� 1)2
lnx



<latexit sha1_base64="xlkCI3c81BMLnxamUa5FDKPoqdQ="></latexit>

contribution from Fierz-evanescent operator Eqq

<latexit sha1_base64="98Jk9d7pEggQYJVBCogVnD1It4g="></latexit>

⇠1QQ = �12x2
t/W � 12x2

t/W lnxt/W + 3x2
t/W

�
2xt/W � 1

�
ln2 xt/W

+ 6x2
t/W

�
2xt/W � 1

�
Li2

�
1� xt/W

�
+ ⇡2x2

t/W

�
2xt/W � 1

�
+ 6f(xt/W ) lnxµ/t ,

⇠8QQ =
4

3
⇠1QQ + 9f(xt/W )

<latexit sha1_base64="SkjX5NREzX3OhuEzRupkM5ktuZ0="></latexit>

⇠1QQ = �12x2
t/W � 12x2

t/W lnxt/W + 3x2
t/W

�
2xt/W � 1

�
ln2 xt/W

+ 6x2
t/W

�
2xt/W � 1

�
Li2

�
1� xt/W

�
+ ⇡2x2

t/W

�
2xt/W � 1

�
+ 6f(xt/W ) lnxµ/t ,

⇠8QQ =
4

3
⇠1QQ
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Warsaw operator basis: b→sl+l- box

[UH & Schnell, 2406.xxxx] 

<latexit sha1_base64="RWeB3R5UAd1FIL8jUzs9iP2S+HQ="></latexit>

�B = � ↵

384⇡s2w

v2

⇤2

X

i=1
QQ,8QQ,1Qt,

8
Qt

⇠ici
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Warsaw operator basis: anomalous terms

In Warsaw operator basis, insertions of operator Qqq lead to non-zero 
traces involving γ5. Does this mean that SMEFT has new anomalies? 

3

W
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Z

b
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tt

b

b t

W Z

t

tb
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Warsaw operator basis: anomalous terms

Well-known that this is not case in general — also clear in case at 
hand because anomalous terms absent in Top WG operator basis 

[see for instance Bonnefoy et al., 2012.07740; Feruglio, 2012.13989] 

W
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Warsaw operator basis: anomalous terms

b t

W Z

b t

W Z

t

tb

In order to proof statement need to show that anomalous 2-loop terms can 
be removed by local counterterms, i.e. Wess-Zumino terms. Work in progress

[UH & Schnell, 2406.xxxx] 
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How big can Wilson coefficients be?
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How big can Wilson coefficients be?

tR

tR

tR

tR

G
<latexit sha1_base64="uF94hmX3LXjQ0XvhwJBRAujcezY="></latexit>

c1tt
⇤2

' 4⇡↵sL

3M2
KK

' 65

M2
G

In flavour-anarchic Randall-Sundrum model with fully IR localised right-handed 
top quark, KK gluon exchange leads to sizeable tree-level contribution to Qtt. 
Left-right (left-left) contributions smaller by a factor of around 5 (50) 

1
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LO KK graviton cross section

ATLAS -1 = 13 TeV, 36.1 fbs

Figure 16: The observed and expected cross-section 95% CL upper limits on the GKK signal. The theoretical
predictions for the production cross-section times branching ratio of GKK ! tt̄ at the corresponding masses are also
shown.
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(a) 30% width
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(b) 15% width

Figure 17: The observed and expected cross-section 95% CL upper limits on the gKK signal for resonance widths of
(a) 30% and (b) 15%. The theoretical predictions for the production cross-section times branching ratio of gKK ! tt̄

at the corresponding masses are also shown.
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How big can Wilson coefficients be?

3.8 TeV

[ATLAS, 1804.10823] 
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How big can Wilson coefficients be?

<latexit sha1_base64="uF94hmX3LXjQ0XvhwJBRAujcezY="></latexit>

c1tt
⇤2

' 4⇡↵sL

3M2
KK

' 65

M2
G

<latexit sha1_base64="kjM+GflzOUD0JIBH8aeVdn1S6ks="></latexit>

|c1tt|
⇤2

. 4.5

TeV2

[ATLAS, 1804.10823] 
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